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ABSTRACT 

(Cnnftdosttal] 

Imijm  &  ttv»  lacreaalap  tntoreet  la  the  aa*  of  hydrofea  pwaldt 
••  •  propfHsst.ta  <w<MBnairi<a  by  tllnr  baa  baaa  atadled  lath*  Itaald 
pharv.  A  vo'y  hifti  partly  paroxtd*  served  n*  the  reference  potef  In  a 
c  !;j«  -need  to  aralaata  lha  rota  of  certain  lnorfante  materials  la 
*•>'  .»-eonv'<Uoa  raaclioaa.  Tha  rata  of  decomposing  sad  tba  catalyat 
loaa  vara  leaaa  to  ba  altered  by  minute  amounts  at  phosphate,  ataaaata, 
or  alamtnum  loaa.  Tha  affect  of  tla  via  aab)ac1  to  iftifc-n  Hal  Mb 
iaTtiaaaca  was  negligible  c=ss  day  after  It  via  added  to  tbs  parsnide. 
Alamtnam  Ineraaaad  tha  'tartlng  activity  of  tha  atlaar  catalyat  aa  "veil 
aa  Ita  solution  rata.  Tbeaa  affect*  vara  observed  at  coBcaatriticne  of 
aluminum  below  b.S  mj/t  bat  vara  not  tar  'aaaad  by  ralalac  toe  atvml- 
ua  concentration  above  thla  valae.  Tha  Ineraaaad  atlaar  lean  4 m  to 
tha  pravanc*  of  alamiaani  vac  moderate.  Whan  phaa photo  tan  vaa  added 
to  hydrogen  peroxide,  Jae  activity  aaa  Ineraaaad.  With  c  one  atom  tl  raw 
above  1  rug/T,aa  inhibiting  raactloa  atatof  thla  lacraiaa  and  tha  dacoto- 
poaltian  rata  became  a  to*  Phoaphata  aharpty  auptinaf  tha  amount  of 
atlaar  that  diaaolvad  ta  tha  paroirtde  sample.  Tha  catalyat  afftotoaey 
waa  cat  by  a  factor  of  M  at  a  phnaphato  eoacaatr  atloa  of  t.O  am/1. 
Attaaapta  to  control  tha  undesirable  laflaanca  of  phoaphato  showed  that 
addition  of  tla  via  partially  affective.  Addition  of  ilamtana  tana  or 
edfeetaaeat  of  tna  apparant  pH  to  higher  valnaa  vaia  lass  aattofactory 
maaaa  of  partially  counteracting  tha  effects  of  phoaphato.  Pa  fata  and 
attrata  Iona  did  not  altar  lha  catalytic  decomposition  bahavtor  to  Ihoa* 
laboratory  ahtdlaa.  With  ran  pact  to  lha  aalfata  ion,  tha  raaalta  la  tha 
laboratory  evaluator  dtffar  f root  toa  j  'valla  otrtalnad  ta  engine  operation, 
since  aalfeta  salts  deposit  tu  m  catalyst  bad  id  lha  rochet  chamber, 
thereby  <*#0  reusing  prop*  11  sat  flow. 


PRCBLXM  STATUS 

This  ta  an  latariw  report  on  this  phase  of  the  problem;  work  on  tha 
problem  la  continuing. 
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Tint  rols  or  mowoAKic  cort  amir  arts  m  the 

CATALTTIC  DECOMPOf 'TIOR  OF  STDROOIR  PXRCRIDE 
[Uncli«*t*tod  THia) 


WTROOWTIOR 

Socaoaa  o <  Ha  — raattllty,  hydiogaa  per—tde  la  aa  attract!—  aoarco  of  powar  (or  a 
— rtaty  of  atlaalla  and  ill  craft  ipfrilcatloaa.  tta  aaa  la  gaa  fanaratora  waa  plow— rad  by 
tha  Oarnaaa  la  thalr  T-l  rocket  program  and  almllar  larMna  drtr—  ha—  bora  adapCad  to 
American  roc  kata  aech  •,*.  **■<■  *" '  Viking.  Rig*  atraagth  parotide  a— y  ba  —I— lad  aa  tha 
faal  (or  a  taor  rx  "  u  the  reqelreme at  at  aiechaatcal  alaapHelty  coarter- 

balaac—  tha  a***  for  ;.^h  parlor  uiaace.  Tbaa  tha  aaxtliary  powar  (or  a  Nary  helicopter 
twaa  lata  at  tbraa  a  mall  hydrogen  pa  rax  Ida  roc  kata  alteatad  In  tha  ttpa  at  tha  rotor  btadaa  (1). 
latanalttant  throat  caa  ba  a  tta  load  with  this  compact  ayatcm  tinea  tha  (tow  of  tha  liquid 
propallaat  caa  ba  —ally  atartad,  stopped  aad  atartad  agala. 

Larya  —ten—  aaaa  of  Mfb  atr  anyth  parodda  ha—  centered  a remad  tha  da— topa—  at 
at  btpropallaat  r octal  aft—  tea  ataawad  aircraft.  Tha  reqetre— ts  of  aoaaa  rockat 
aya la —a  moke  pa— Ida  prafarabia  to  either  It— Id  octyiaa  or  nitric  acid  aa  tha  ontdlj—r. 

Tha  World  War  n  aapartawea  of  tha  Oeremaa  with  tha  Meenare chaaldt  lfSA  experimental 
rockat  plaaa  pro— d  tha  (aaatblltty  of  tha  peronlda  and  ■C-Stoff  *•  propallaat  co— btaattow 
(I).  The  da— lop— I  of  tha  hybrid  ■fet-rebat’  cone  apt  for  alrptaaaa  haa  c— tad  aaethar 
demand  (or  —hat  f— la.  For  ihla  arw  —apt  la  In— reap— r  aircraft,  haxler  cottalda—d 
high  atr— gth  partaddo  tha  aaat  d— lrahla  oaldtaar  haeaaat  of  tta  good  daaatty  In— alia  ial 
atodaraha  coaabaatloa  taaiparata—  (I).  TMa  vtawpehal  haa  beet)  aappoctad  by  tha  bar— ■  of 
Aa—  ttca  which  plaaa  to  atlllaa  H|t  hydrogen  pan-Ida  la  thalr  *— r-parfer— aaca* 
aircraft  (4). 

hi  aMwopropaltaat  aad  gM  gawarator  appltcatloua  of  hydrogen  pot  —Ida  wha—  powar 
la  dart— d  aolaly  fro—  darnmpnoltton  procaaaaa,  a  catalytic  o—ana  haa  baaa  —trad  to 
mats——  a  high  taco— poet  that  rate.  With  tha  tacaptloa  of  tha  paroalda  aad  *C-3toff* 
co- htaadaa,  catalyst*  ha—  alao  baaa  aged  wha—  co— beat— a  of  a  f— I  attllaas  tha  onygoa 
dart— d  fro—  hydras—  pa— Ida.  hi  •  MpropaU—K  aagtaa,  paroalda  la  dtea— pea»d  by  a 
catnlyat  la  onygoa  aad  a— a  at  wtth  — dtdaraMa  «— tatloa  of  energy.  Tha  raaaldag  hot 
— ta—  of  ot—  —  aad  onygea  raadlly  Igdha  a  ft— I  aa  contact.  Than,  la  tha  pcadocBoa  of 
powar  fro—  hydrogen  pa  reside,  a  catalyat  la  aor— ally  a— ployed  —  effort  a  high  re—  of 
deco— poatetoa. 

A  gr—  t  aa— bar  of  —organic  —ha tone—  ha—  heea  racogaiaad  aa  catalyata  for  paroalda 
dace— poatttoa  (I).  Many  — atala  or  their  Ml—  ha—  heea  — e— d  —  rochet  work  and  ha¬ 
lt— a  eat— facto ry  parfornaar*.  Sartaoa  at  ftp  k'.gj  date— poaltia n  —Hetty  and  tfflc— aey, 
I—  ready  fabrtcatloa,  aad  I-  food  Mf— liar  at  r— — tad  — pin— a,  til— r  had  boon  the 
eatalyet  of  choice  —  —eat  at  Ota  never  appHeatkaa  of  paroalda.  Althonph  —  tta—taf  haa 
fenarally  ha—  u  oe—ta ad— g  ra— tyet,  ear—  dttftcett— r  he—  been  aaaar— d  wl—  l— 
two  ta  tea—  da— lap— ant  prof— a.  to  praettaa,  -a  aaatt— factory  ptrfor— aaca  ehaar— d 


•-C-iiWr-  wu  the  Oermaa  eada  word  far  a  m— «rt  of  J#t  hytraa!—  hydra—,  JT%  methyl 
alcotmt,  aad  1J%  —Ur 

* 

'T—  ctact  a  — w  rataar  utaa  ran  (Nitiifwai  afFste-ts  -  esc 

— ch  factor*  aa  partermaaca,  aaaa  at  maaafactwre,  aad  fraaaiag  petal. 
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has  bee:i  due  to  a  short  lifetime  (or  the  catalyst  bed.  The  rHion  (or  p.ror  behavior  wM-n 
may  be  interdependent.  are  (a)  a  butld-up  of  depualts  on  th*  icrma  of  tl<e  catalyst  bed 
whlrh  jrrrrafira  the  (low  rata  of  peroxide  and  (b)  decreased  catalyst  activity  which  results 
to  Incomplete  decomposin' 

The  alivi  r  .,n  iji  -d  in  many  engines  has  baati  prepared  by  sllver-plattng  a  wtra 
screen  fabricated  (rom  aotnc  baaar  mala l  or  alloy.  Tha  platad  malarial  la  than  subjected 
to  an  activation  procedure  designed  to  Increase  Its  efficiency.  Tha  preparation  of  tha 
catalyst  bed  involve*  many  variables,  particularly  In  the  plating  procedure,  and  rigid  con¬ 
trol  la  required  to  produce  a  consistently  good  product,  titled,  Irregularities  la  tha  silver 
catalyst  hare  bean  responsible  lor  tha  poor  performance  In  soma  of  the  angina  development 
wot  s.  However,  wide  variations  In  behnvlor  have  also  bees  encountered  when  the  same 
catalyst  bed  b---'  «>••<  *vlth  dll!* rent  batcher  of  peroxide.  For  thta  aa  well  as  other 

rraauc. •  It  -••ate.  ■  -d  that  contaminants  In  the  peroxide  have  a  delatarioua  effect  on 

envio*  p-  lurniaiiCf. 

The  #0%  puroxld*  used  In  rockets  la  derived  (r  oaa  lower  c  one  w  at  rati  one  by  i  double 
distillation  under  vacuum.  This  processing  affords  a  high  quality  product  which  rasdlly 
meets  the  older  peroxide  specification,  M1L-H-  IBP05B.  21  February  1BS3,  which  was  In 
effect  at  the  time  the  present  work  was  started.*  The  principal  criterion  of  Impurity 
level  In  this  specification  la  the  evaporation  residue,  which  measures  the  sum  of  the  non¬ 
volatile  material  In  suspension,  in  colloidal  solution,  and  la  true  solution.  The  maximum 
allowabla  residue  la  20  milligrams  par  liter,  a  value  which  has  not  been  unduly  restrictive. 
Nevertheless,  many  peroxide  samples  with  evaporation  residues  lees  than  this  value  were 
not  suitable  for  engine  operation.  Therefore,  efforts  were  made  to  correlate  the  type  of 
Impurity  with  performance.  For  Instance,  light  'raftering  studies  were  tiled  In  order  to 
see  U  the  quantity  of  colloidal  material  were  causing  the  poor  performance  (6),  a  check 
for  total  ionic  Impurities  waa  mads  by  natag  conductivity  measurements,  and  the  apparent 
pH  waa  utilised  to  detect  say  abnormal  acidity  or  alkalinity  In  those  peroxide  samples 
Which  gave  poor  performance  (7).  When  these  approachee  bore  no  fruit,  a  search  for 
specific  cltemlcal  Iona  and  compounds  was  begun.  Chemical  analyses  wera  made  for  a  few 
Inorganic  materials  arhuee  presence  In  peroxide  was  sea  pec  ted  (7).  The  evaporation 
residues  were  examined  by  electron  microscopy  and  electron  diffraction  (•).  These 
attempts  also  failed  to  produce  a  worth-while  lead  to  sxplala  differences  in  peroxide  samples. 

In  view  of  the  seem  lag  Inability  to  correlate  motor  beharlre  with  some  physical  or 
chemical  ■eaoereownt,  attempts  were  thee  made  to  develop  laboratory  scale  performance 
testa  which  could  single  out  poor  peroxide  samples  and  Urns  eliminate  the  need  for  a  full 
aeale  motor  teal  prior  to  acceptance  of  ■  batch  of  hydrogen  peroxide.  A  static  evaluator 
was  developed  at  this  Laboratory,  and  the  Becco  Chemical  CM  via  too  of  the  Food  Machinery 
and  Chemical  Corp.  developed  a  flew  system,  the  "Lew  Pressure  g valuator,"  whlcl.  could 
be  used  (or  compering  pet  oxide  aewplee  or  catalyst  screens.  Both  evaluators  were 
designed  to  measure  the  decomposition  rata  of  hydrogee  peroxide  end  to  delect  changes 
In  the  catalyst.  Results  obtained  through  the  see  of  both  of  these  e  vales  to  re  on  production 
samples  did  reveal  differences  In  the  catalytic  decomposition  behavior  |M).  Borne  sam¬ 
ples  which  had  been  found  to  be  aaaattsfactory  for  engine  use  were  shown  to  attack  the 
stiver  catalyst  with  undue  severity,  dissolving  it  at  an  abnormally  high  rate. 


A  new  specifics'. on  for  hydrogen  peroxide  over  52R  concentration,  VQL-H- lbOOSC, 

10  September  'Wi,  defines  maximum  impurity  limits  (or  several  Iona,  wliereaa  M1L-H- 
1 6001 B  specified  only  tha  limits  on  concentration,  svaporation  residua,  aad  stability. 

The  limits  sal  for  some  Inorganic  malarial*  ire  net  sufficiently  stringent  to  permit 
purchase  at  hydrogen  p*rc*1<!e  for  rocket  engines  under  this  recent  specification 
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The  unpredictable  occurrence  of  bad  peroxide  batches  augi^sted  an  alternate  approach 
to  the  problem.  T'lie  Involved  th#  addition  of  definite  amounts  of  Inorganic  compounds  to 
a  good  quality  production  sample  Tests  vara  then  made  on  this  doctored  sampls  In  th* 
static  evaluator  to  not#  any  changes  In  the  catalytic  decomposition  phenomena.  Certain 
additives  were  found  to  alter  either  the  decomposition  rate,  the  silver  solution  rate,  or 
both  |50),  Phosphate,  aluminum,  and  atannat*  Ions  were  particularly  noteworthy  In  their 
effects.  Although  definite  trends  were  observed  In  these  studies,  a  given  additive  did  not 
exhibit  identical  behavior  in  all  atock  samplea.  This  was  because  these  production  samples 
had  significant  amounts  of  phosphate  or  aluminum  and  rsAnoara  amounts  of  other  posalble 
cr’ttcal  leave.  Thus,  the  effect  of  an  additive  coo  id  not  be  determined  precisely  because  of 
Its  apparent  Interaction  with  Impurities  already  present  in  the  camp!*. 

To  achieve  a  more  definitive  answer  It  waa  neceeaery  to  obtain  truly  high  partly 
hydrogen  peroxide,  fortunately,  such  a  material  became  available  from  the  Becco  Chem¬ 
ical  Division,  which  produced  a  peroxide  up  to  »♦%  concentration  by  a  partial  f reeling 
process  (11).  This  high  grads  material  has  bees  used  ms  the  reference  point  (or  the  con¬ 
taminant  program  described  la  this  report.  The  earlier  static  evaluator  studies  were 
repeated,  refined,  sod  expanded.  Aging  phenomena  aad  interactions  between  two  or  mors 
additives  Mrs  also  examined. 

Tim  1. formation  presented  to  this  report  comprises  the  contribution  of  Otto  Laboratory 
to  the  Bursae  of  Aeronautics  ‘crash  program*  on  hydrogen  peroxide  (4).  The  experiment  1 
work  of  thin  cooperative  effort  ti  eluded  rocket  ungtoa  teats,  laboratory  performance  teats, 
and  analyses  for  caatamtoanto.  It  was  designed  to  determine  th#  peroxide  quality  seeded 
to  a  motor  by  actual  engine  teats  and  to  assess  the  reliability  of  laboratory  teats  for  pre¬ 
dicting  the  engine  requirements.  Tim  ultimate  goal  ana  to  define  a  specification  for  hydro¬ 
gen  peroxide  for  nee  to  tl.e  ‘super  performance*  aircraft.  Poor  botches  of  peroxide  could 
then  be  detected  by  chemical  analysts  and  physical  measure  manta . 


KXPKROdRMTAL  DETAIL* 

Apparatus 

Th*  static  evalsator  developed  it  this  Laboratory  waa  designed  to  compare  dm  liquid- 
phase  decomposition  rats  of  peroxide  samples  ax  a  standard  catalyst.  Thus  It  attesepte  to 
atmulsto  the  decomposition  to  th*  Initial  portion  of  a  catalyst  bad  of  a  rocket  where  OM 
temper  a  tare  u  below  the  botttog  point  of  the  peroxide,  ft  incorporates  some  of  the  features 
of  a  reactor  used  by  Magga  (11).  A  small  length  of  stiver  wire  was  chosen  as  the  catalyst 
since  changes  to  Its  weight  could  be  followed  periodically  during  a  rex.  Pure  silver  waa 
c hones  to  eliminate  the  variables  associated  with  die  preparation  of  a  plated  aad  activated 
catalyst.  Tbs  diameter  and  length  of  the  wire  were  arbitrarily  set  it  0.0*0  task  and  2.0 
centime  tors.  Aa  shows  to  Pig.  t,  the  catalyst  to  supported  to  the  peroxide  sample  by  s 
Teflon  holder.  The  totter  fits  ox  a  glass  rod  attached  to  the  cell  head. 

The  sasspte  to  stirred  by  a  magaetic  atlrreT  aad  Its  temperature  to  regulated  by  th* 
flow  of  water  to  the  surrounding  jacket,  to  most  of  tea  experiment!  a  (0.0-ml  sampls  wt« 
used  aad  th*  tempr.-etvre  was  am  lata  toad  at  U0*7*C.  Otoe*  these  a  todies  vers  restricted 
to  temperatures  below  th*  botttog  point  of  water,  th*  water  formed  by  peroxide  decom¬ 
position  to  rata  land  to  the  liquid  phase.  Thus,  lb*  peroxide  to  gradually  dilated  during  a 
rue.  The  oxygun  produced  to  th*  decomposition  to  measured  by  the  wet  teat  mater  and 
t^ls  measurement  becomes  a  convenient  index  of  the  rate  of  decomposition  sod  lb*  activity 
of  the  catalyst.  Complete  decomposition  of  th*  Kt-ml  sample  of  tO%  HtO,  seed  afford*  *0,1 
liter*  of  oxygen  at  STP.  However,  the  low  rates  of  oxygen  evolution  normally  esc  own  to  red 
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at  the  tower  peroxide  concentrations  dictated 
the  termination  of  a  run  before  the  itmple  was 
completely  decomposed. 

Two  fas  washing  traps  were  Inserted 

between  the  cell  and  the  wet  ten'  meter.  These 
served  the  purposes  of  removing  any  droplets 
of  peroxide  which  might  be  swept  out  of  the 
cell  end  of  Insuring  J«  saturation  of  the  oxygen 
with  water  vapor.  Peroxide  concentration- 
throughout  e  run  were  calculated  from  the 
amounts  of  oxygen  evolved,  sellable  cunectlons 
being  made  for  the  water  vapor  present,  and 
the  variations  of  temperature  and  pressure  from 
sisndird  conditions. 

Materials 

A  few  preliminary  studies  were  conducted 
with  the  Jti  peroxide  made  available  by  the 
Bee  Co  Chemical  Division.  For  testa  at  90%, 
this  materiel  was  diluted  with  de tootled  water 
furnished  for  this  p-rpoee  by  Beeco.  The 
quality  of  this  super -purs  90%  hydrogen  per¬ 
oxide*  La  indicated  in  Table  t.  The  most 
rsltabte  measurement  of  Its  parity  la  the  spe¬ 
cific  conductance  since  the  precision  of  the 
analytical  methods  for  some  of  the  lows  at 
these  low  cone  extra 'lows  can  be  questioned. 
Comparison  of  the  value  of  2.2  x  10'*  ohms'1 
cm*1,  which  Is  1/4  *o  I/I  the*  of  commercial 
90%  peroxide,  with  that  of  2.0  a  10"*  ohms'1 
cm'1  found  by  Schumb  for  90%  peroxide  highly  purified  by  laboratory  methods  (IS)  shows 
that  the  SP-90  has  at  most  only  minute  amounts  of  tonic  Impurities.  The  specific  conduc¬ 
tance  of  3P-99  (0.49  x  10'*  ohme',cm'1)  also  compares  favorably  wttS  the  lowest  value 
(0.S9  x  10'*  ohms '‘cm'' )  reported  for  99.9%  hydrogen  peroxide  (14).  Since  hydrogen 
peroxide,  tike  water,  l*  slightly  ionised  even  la  the  pars  state,  the  abeolate  values  for 
specific  conductance  are  profs  My  not  too  different  from  those  given  above. 


Tin.  I  -  Static  evaluator  for  tha 
catalytic  <i*c  ompoeition  o.'  hydrogen 
peroxide.  A,  wire  cataljrat.  B,  Teflon 
wire  holder.  C  thermocouple  well 
for  control  of  cell  tamperatura;  O, 
Teflon  covered  magnet  for  atirrtnf ; 
E,  jarkat  far  regulation  of  call  tom* 
perature  . 


The  concentrations  found  for  sulfate  and  nitrate  lots  ta  SP-90  aa  sheam  la  Tibia  2 
are  believed  to  be  too  high.  The  conductivity  of  SP-90  Is  Influenced  aaarfcedl;  by  the 
addition  of  either  eulfate  or  nitrate  aalta  la  small  i mount*.  The  apecfle  conductance  ut 
SP-90  to  which  2.0  mg/1  of  sulfate  had  been  added  waa  found  to  be  Increased  by  S.S  x  iO 
ohma-'em--  while  that  for  BP-90  containing  1.1  mg/1  of  added  ultra  ta  eras  increased  by 
2.6  x  10‘*  oh  me'1  cm'1 .  Since  both  of  thee*  values  exceed  the  measured  conductance  of 
SP-90  without  addltlvee.  It  seems  that  the  sulfate  and  nitrate  analyses  were  erroneous 
Such  a  premise  would  be  readily  acceptable  la  ths  case  of  the  tarMdimetric  analysis  for 
sulfate.  The  analytical  results  for  this  Ion  la  SP-90  were  characterised  by  extremely 
poor  precision  even  though  ««w  com  latency  waa  found  for  aquemie  sulfate  standards.  > 


*H.r.  after  'hiu  material  la  referred  te  as  SP-tO,  the  undiluted  peroxide  ee  JP-tl 

*  A  rsciiUy  dsFsloptd  analytical  mat  had  for  tto  4#t#  rmiruatlow  oi  tulfata  c  one  ant  ration  in 
hydrogen  p«ro»tdr  ta  coo  aider  *4  tobt  i  much  more  ac  curat#  m*Ut*4  (19).  The  auifat# 
content  of  a  ftampl#  of  SP-40  (not  the  an#  uawet  in  tit la  atu4y)  waa  fouiitl  to  0.24  mg/1 
by  (hi  a  m#thotj. 
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TABLE  1 

Analyse*  for  SP-AO* 


Contaminant 

Concentration  at  Ion 
(«g/l) 

Phosphate 

0.13 

Aluminum 

0.03 

Sulfate 

3.0 

Nitrate 

1.7 

Tin1 

- 

Apparent  pH 

*0.3 

Specific 

Conductance 

3.3  x  10**  uhme*‘c»*f 

*3..  the  Appendix  for  analytical  mcthodi 

^Tln  occurs  in  peroxide  whan  atannate  is 
added  as  a  stabiliser.  SP-90  contained 
no  stabiliser. 


It  la  amnow bat  wrt  Mfllntt  to  refute  tee  validity  of  tea  a  Urate  er.  Jive  la.  Its  precision 
was  *0.3  nag /I  and  tto  accuracy  has  been  verified  by  determinations  in  which  knows  amounts 
of  nitrate  were  added  to  peroxide,  to  tea  face  of  tela  dilemma,  It  la  pr opoaad  teat  tea  aaaly- 
ala  waa  correct  bat  tert  some  of  tea  altroyen  wbtcb  to  detected  aa  nitrate  wae  precant  In 
ea  auUoataad  form  prior  to  tea  ana  lye  te.  Alteongb  eoaea  of  tea  analytical  raautta  era 
questioned,  It  certataly  moot  be  conctadad  teat  tea  quality  of  tea  8P-A0  la  high. 

Tha  ebemlcela  cboaaa  for  to  addtttea  program  ware  all  water  aotabfe  and  ware  ACS 
Itoefant  grade.  To  effect  ea  addition,  a  definite  e mount  of  a  dilate  aqueous  eolutton  of  tee 

compound  at  tutor  eat  waa  added  to  a  known  quantity  of  patentee.  Tbe  etrengte  of  tea  equaoua  I  < 

addtttea  aotettoaa  ware  aacb  teat  tea  decrease  to  perentea  coaceiHretton  would  be  leas  teen 

1%  tor  tea  highest  concentration  of  any  addtttea  aaad.  Tha  elite  added  and  tea  concentre tlooe 

mad  are  llatcd  in  Table  3.  Tbe  spectfle  salts  aaad  ware  cboaaa  each  teat  tea  loan  of  opposite 

charge  to  tea  ones  of  tetereet  would  not  Interfere  wtte  tea  decomposition  as  demonstrated 

by  teatr  inertness  when  present  ea  tea  eodtum  or  otear  salts . 

Tbe  htgb  parity  peroxide  was  ob  to  toad  and  etored  to  Pyrai  glass  and  potyateytana  »  . 

bottles  to  lanere  teal  atamteea  centomtoattoa  did  not  occur  daring  storage.  IBs  eotvtlone  ’ 

ef  sdfiaees  and  tee  ear  oxide  sampled  prepared  f  *  after  teste  were  kept  te  polyethylene 
bottles. 

In  tee  otedtec  of  silver  erosion  tee  catalyst  bolder  waa  rumored  periodically  daring 
aacb  ran  so  teat  tee  wire  coaid  be  examined  and  weighed.  Tbe  rate  of  soleftaa  of  etleer 
could  teen  be  determined  ea  a  function  of  tee  extent  of  decomposition  of  to  peroxide. 
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TABLE  2 

Compounds  Used  in  Additive  Program 


Species 

Studied 

Compound 

Cone,  of  Ion  in 
Aqueous  Solution  (g/t) 

PO, 

dlsodium  phosphate  dodecahydrate 

0.625 

Sn 

sodium  stannate  lrlhy-*rate 

1.25 

At 

aluminum  sulfate  octadecahydrat* 

0.625 

SO, 

sodium  sulfate 

2.50 

NO, 

sodium  nitrate 

2.50 

Li 

lithium  sulfate  monchydr  it* 

0.125 

Ca 

calcium  nitrite  tetr&iydrate 

0.25 

Mg 

magnesium  sulfate  heptahydrate 

0.25 

Ba 

barium  nitrate 

1.25 

. 

CATALYTIC  DECOMPOSITION  BEHAVIOR 
OF  HIGH  PURITY  HYDROGEN  PLROXtDE 

The  decomposition  rat*  of  SP-90  on  Hirer  is  Illustrated  along  with  that  lor  BP-99  in 
Fig.  2.  It  should  be  noted  that  for  a  considerable  change  in  concentration  the  decomposition 
rates  were  very  low.  As  will  be  mentioned  again  later,  they  are  lower  than  those  observed 
for  any  commercial  peroxide  samples.  Also  Important  la  pie  fact  that  the  decompo¬ 
sition  rate  increased  aa  'he  concentration  of  peroxide  decreased.  This  feature  Is  not 
neve!  for  catalytic  decomposition  of  high  strength  peroxide  on  silver,  hut  It  Is  unusual  in 
the  tight  of  most  chemical  kinetic  experience.  In  agreement  with  the  above  observations, 
the  starting  activity  for  3P-99  was  slightly  lees  than  that  for  SP-90. 

The  catalyst  weight  losses  for  SP-90  and  BP-99  wars  the  lowest  observed  in  the  static 
•valuator  tor  any  peroxide  sample.  It  la  seen  in  Fig.  3  that  for  moat  of  the  nin  ths  silver 
loss  lor  SP-90  closely  follow*  the  oxygen  evolution.  This  behavior,  which  has  been  typical 
of  earlier  work,  waa  not  exhibited  by  SP-99  (or  whleh  the  loss  accelerated  during  the  run. 
When  the  peroxide  concentration  dropped  to  about  50*ft  (13.9  liters  for  8P-M  and  18.0  titers 
(or  SP-99)  tha  sliver  solution  rate  decreased  sharply.  It  is  also  seen  in  Fig.  ^  that  as  the  runs 
continued  beyond  this  point  the  catalyst  began  to  gain  weight.  Examination  of  the  catalyst 
showed  that  this  gain  waa  accompaaiad  by  the  appearance  of  a  rough  whits  coating  which 
resembled  a  norms!  matte  silver  plate.  Concarrenlly  with  the  tedeposiUos  of  sliver  on 
the  wire,  die  peroxide  aampie  itself  became  turbid.  This  cloudiness  waa  due  to  catalytic 
decomposition  occurring  on  smeii  particles  of  sliver  whleh  had  formed  end  were  eeepended 
In  the  solution.  Stnre  tho  solubility  of  the  stiver  compound  formed  by  reaction  with  peroxide 
dec  reaaee  with  a  decrease  in  hydrogen  peroxide  concentration,  the  llmtt  of  sliver  solubility 
waa  exceeded  as  the  concentration  tell.  The  silver  took  the  two  forma  referred  to  above 
a?  it  left  'he  noiutlm  -  plating  on  the  catalyst  and  small  particles  In  the  solution.  The 
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Fi|.  2  -  Decomposition  rate  lor  5P-90  and  SP-99  (2.0-cm  length 
of  0. 020-inch  silver  wire  catalyst,  M-ml  sample  at  60  *C> 


ri(.  3  -  Stiver  lost  lor  IP-90  aad  SP-99  (2.0-cm  lenfth  <d 
0.020-inch  silver  win.  catalyst,  40 -ml  sample  at  60*C) 


increased  catalyst  serface  which  became  available  Aw  to  Ik*  feneration  at  flw  parttetea 
aharpty  increased  the  decompoatttoa  rat*  and  the  ran*  bad  to  be  monitored  c  lonely  at  ft  la 
point  to  order  to  prevent  ■  runaway  temperatnre  rise.  Normally  a  ran  woe  Id  be  stopped 

prior  to  this  s'-sjw  since  the  unknown  increase  to  rstslyst  area  woo  Id  lr.nl  ids  le  the  data. 
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In  the  catalytic  decomposition  of  SP-90  the  silver  loea  and  the  starting  activity  were 
Its*  than  those  found  for  any  90%  peroxide  produced  by  normal  commercial  method*,  ft 
was  felt  that  the  low  values  for  these  properties  were  due  to  the  absence  of  certain  mate¬ 
rials  since  the  SP-90  was  a  particularly  pure  peroxide.  Hence  the  conclusion  ranched 
earlier  on  the  basis  of  Its  conductivity  that  SP-90  is  a  htfti  quality  product  la  supported 
hy  the  catalytic  dec  om  ion  It  Ion  behavior. 

The  effect  of  sample  temperature  on  the  catalytic  decomposition  phenomena  was 
studied.  Although  a  general  trend  was  found  for  the  relationship  of  tamparature  to  darting 
activity,  the  trend  was  the  reverse  of  that  expected.  As  shown  in  pig.  4,  the  starting  rate 
for  SP-90  at  20°C  was  higher  than  that  al  40*C,  with  the  rates  at  #0*C  sad  I5*C  failing  to 
atill  lower  levels.  The  maximum  rates  at  the  four  temperatures  ware  similar;  however, 
these  maxima  were  reached  progressively  earlier  aa  the  temperature  was  lowered.  The 
silver  loea  n-  also  dependent  upon  the  temperature  of  the  peroxide.  This  la  most  rated 
In  Pig.  S,  where  the  amount  of  catalyst  lost  ia  plotted  against  the  volume  of  oxygen  pro¬ 
duced.  The  amount  of  sliver  dissolved  decreased  as  the  temperature  was  raised. 


■  -  -  *  ->o-e 

—  -  .  — — r 

.  —  t  .*■  - 


ro**f —ceowe  vfvoi'oe  'vverr*?. 


Fig.  4  -  effect  of  sample  ttmperaturs  on  decomposition  rats  of  SP-90 
(l.O-cm  length  of  O.OZO-inch  silver  wire  cateJyst.  SO -ml  sample) 


It  has  been  shown  that  the  liquid  phase  catalytic  decomposition  of  SP-90  on  silver  has 
two  unusual  aspects,  namely,  the  decrease  la  starting  decomposition  rate  as  As  tampar¬ 
ature  la  increased  and  the  Increase  la  activity  aa  the  peroxide  concentration  decreases. 
The  SP-90  prroxlde  la  not  unique  la  these  respects,  but  because  of  Ita  high  quality,  thta 
unusual  behavior  Is  mors  pronounced.  The  explanation  advanced  by  Beard  sad  Smith  (IS) 
for  these  phenomena  la  that  under  certain  clrnimatueen,  a  gaseous  film  ewe'.'iea  the 
catalyst.  Such  a  film  effectively  reduces  the  peroxide-catalyst  contact,  thus  lowering  the 
apparent  activity  of  the  catalyst.  A  more  detailed  description  of  this  problem  will  be 
deferred  to  the  discussion  section  of  this  repori. 
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ri| .  5  -  ERkI  at  uapli  IWfinWn  on  th« 
■Uv«r  Ion  ia  SP-90  (2.0-cm  length  of  0.020* 
inch  flilvo?  wire  caulyit.  90-rnl  iamp]«) 


stodto  cm  materials  wmcv  altcr 

TU  CATALTTK  DECOMPOSITION 

MewM  the  8P-M  to  each  a  para  Material,  It  m  ba  aaoi  aa  a  ralM  atarttap  potot 
for  tot  eaalaatloa  of  the  affect  &  -ddmre#  oa  too  rtaeuwpuatttoa  propwrttoa  of  hydropan 
pern  Ida.  It  haa  baaa  reported  that  tha  addition  of  pheepfcato,  alatotoaai,  or  tto  caa  altar 
tha  decomposition  ph— oaaoaa  of  production  aaaiptoa  (10).  Mata  thaaa  toraa  aMtortota  ara 
Itoportaat  with  repard  to  tha  ataMItotap  a.  <4  a  tor  lap  of  paroatda.  thair  brfleenee  oa  tha 
stiver  eotodon  rata  and  tha  catalytic  actlrtty  ware  thoroaphly  Urraotlpatad. 


Tha  pyrophosphate  too  to  widely  aaad  to  iahiMt  the  dwaapaaittas  rate  of  hydrogen 

paroatda  to  atorapa.  Poch  a  atabilUar,  atthoaph  oat  aicaaamrtly  added  to  the  Mil  paroatda 
for  rocket  eae,  could  ba  picked  up  accidentally  froaa  paaapa,  pipe  llaae,  and  atorapa  toaka 
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cnemicai  specie*  which  pyrophoa  [State  assumes  In 
peroxide  is  not  known.  It  is  known  that  equivalent  amounts  of  phosphorus  added  to 
peroxide  as  either  pyrophosphate  or  orthophosphate  produce  comparable  effects  on  the 
catalytic  decomposition  in  an  engine  (17).  From  this  It  can  be  concluded  that  one  of  these 
phosphate  tone  Is  converted  Into  the  other  or  that  an  equilibrium  mixture  of  the  two  occurs. 
Since  these  two  are  equivalent  In  this  respect,  the  present  study  was  made  with  ortho¬ 
phosphate. 


fi  earlier  work  at  this  Laboratory.  It  was  observed  thst  phosphate  tncreaaed  the  decom- 
posltljn  rate  and  the  amount  of  atlver  dissolved  (10).  An  apparent  Inhibition  waa  alao  found 
at  phosphate  concentrations  In  the  range  of  2-4  mg/l.  The  behavior  In  different  samples 
was  not  consistent,  however.  In  particular,  the  decomposition  rate  exhibited  considerable 
variation  among  different  stock  samples  even  though  their  phosphate  concentrations  ware 
the  same.  It  was  thought  that  this  was  a  result  of  the  presence  of  other  contaminants  In 
some  of  these  simples.  The  present  study  using  3P-90  has  clarified  the  picture  and  the 
role  of  phosphate  can  now  he  detailed  accurately. 

It  can  be  seen  from  Fig.  6  that  [Biosphate  sharply  Increased  the  rate  of  decomposition 
jf  3P-90  In  the  Initial  portion  of  a  run.  The  amount  of  the  Increase  was  dependent  upon 
the  concentration  of  the  additive,  but  the  maximum  starting  rate  was  attained  at  a  concen¬ 
tration  of  2  mg/l  and  the  trend  la  the  activity  was  revera  .d  at  higher  concentrations.  At 
the  higher  phosphate  concentrations,  It  has  been  found  that  the  activity  remains  tow  through¬ 
out  the  run.  This  la  In  contrast  to  the  behavior  of  SP-00,  which  showed  an  Increasing 
decomposition  rate  with  .  decreasing  H.O,  concentration.  Figure  T  illustrates  vividly 
Uie  effect  of  phosphate  addition  on  starting  activity. 


rt|.  *  -  effect  u i  phosphate  as  the  decomposition  rata  of 
SP-90  (2.0-cm  length  of  0.020-inch  silver  wire  catalyst, 
*0-ml  itmplt  tt  60*C) 


The  effect  of  phosphate  added  to  8 P-00  on  Ota  loss  of  sliver  from  the  wire  catalyst 
was  alao  spectacular.  However,  the  reversal  la  rata  which  waa  found  for  «»  activity  hm 
not  occur.  Figure  B  shows  that  the  silver  loss  waa  close  to  a  linear  function  of  tha  phoa- 
phats  concentration  The  extent  of  allver  solution  became  eatramely  high  al  4  mg/l. 
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rig.  7  -  Effect  of  additive  concent  ration  of  phosphate  and  of 
aluminum  on  the  starting  activity  of  SP-90  (2.0-rtn  length  of 
0.070-lnch  silver  v/lre  catalyet.  SO-ml  sample  at  AO*C( 


ELg.  •  -  Effect  of  additive  c one  e at  r at  I  ea  of  phosphate  and  of 
aluminum  on  the  silver  loss  daring  dec  pen  pa  alt  loo  of  SP-W  from 
•$%  (2.0 -cm  length  ot  0. 020-lac li  tUvir  win  cililvM. 
sample  at  60*C) 


i  at  MIT  tm  Its  silver  catalysed  fscoagoslUas  ef  hydrate  a  peroetde 

2!  *Ter*"#d  **"  P«  ratowd  (lr^Otsthe  preai 

Me  AMlOoe  of  alkali  sslftrt  also  decrease  Me  ratio  of  allver  eoiatioa,  r«M  were  Made  eel 
■P-dO  c  detaining  varying  laroanta  of  sedtea  hydradde.  N  wee  foend  Mate  decrease  ta 
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catalyst  iosa  could  be  achieved  fifn  for  peroxide  samples  containing  phosphate.  tv.  vari¬ 
ation  in  the  solution  nit  as  the  apparent  pH  waa  Increased  la  depleted  In  Big.  0.  A  alight 
decrease  In  silver  loen  was  found  as  the  apparent  pH  tea*  raised  to  about  2  but  above  this 
▼aloe  the  decrease  waj  accelerated.  The  adjustment  of  the  pH  alio  affects  the  storage 
stability  of  hydrogen  peroxide  and.  unfortunately,  the  quantity  of  alkali  necessary  to  reduce 
the  silver  loss  sufficiently  adversely  affects  the  stability.  Therefore,  this  means  of  nulli¬ 
fying  the  phosphate  Influence  appears  to  be  of  no  value  ior  practical  application. 


rig.  9  -  Effect  of  pH  os  tha  nllver  lose  during 
the  decomposition  of  SP-90  from  90%  lo  in 
(i.O-cm  length  of  O.OfO-inch  silver  wire  cata¬ 
lyst.  90-ml  sample  at  bO'C) 


Aluminum 

The  importance  of  aluminum  In  the  present  study  lies  tn  the  (set  that  most  containers 
tor  shipping  and  storing  hydrogen  peroxide  are  fabricated  from  aluminum  or  its  alloy*. 
Although  aluminum  is  highly  resistant  to  peroxide ,  It  ta  conceivable  that  small  amount? 
could  be  picked  up  from  these  containers.  Earlier  studtee  tn  *hich  production  samples 
vrfr  used  n-m  trrf  :.~aisd  that  9sa  presence  sf  iltalaa  tn  perns  Ids  did  not  alter  the 

catalyst  loss  but  did  increase  the  dseomposltlos  rats  (10}.  The  present  ~*ork  shoved  that 
very  a  mail  amour'  of  alemtnum  tnCTsaaad  both  (he  decompoaltlos  rate  SP-tO  and  the 
aolut  jn  rate  of  th<  -iMver  catalyst.  Although  these  phenooTna  vers  observed  el  aluminum 
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concentrations  up  to  O.S  mf/1,  no  significant  chase*  was  observed  above  this  value.  The 
data  tor  the  startln«  activity  plotted  is  Fig.  7  and  for  tha  allvar  loss  plotted  In  rig.  8  show 
tfi*  magnitude  ot  tha  aluminum  affect  and  tha  level  lug  off  encountered  abov*  O.S  m(/I.  The 
decomposition  rate  is  the  plateau  region  was  about  a  Lx  times  that  of  SP-00  while  the  maxi* 
mum  sliver  loss  was  only  four  time*  that  of  SP-00.  A  comparison  of  the  influence  of 
aluminum  with  that  of  phosphate  on  the  catalytic  decomp eltlon  phenomena  shows  that  'he 
maximum  decomposition  re'ei  were  about  the  same  but  that  phosphate  was  much  more 
detrimental  than  aluminum  with  respect  to  stiver  loss. 


Tin 


Lev  concentrations  at  stamata  are  sometimes  added  to  99%  perootlde  to  Increase  tin 
stability  tn  storaa*.  Previous  work  showed  that  tin  night  be  detrimental  to  the  catalytic 
decomposition  of  peroxide  since  it  increased  the  amount  at  stiver  dissolved  and  seemed 
to  cause  some  Inhibition  at  low  peroxide  eoncentratlase  (10).  This  behavior,  as  well  as 
an  Increase  la  starting  activity,  was  verified  for  8P-00  to  which  tin  was  added.  However, 
as  a  sample  of  SP-00  containing  tin  was  allowed  to  age,  these  phenomena  became  less 
pronounced.  In  fact,  >4  hours  after  addition  at  as  much  as  3.0  mg/1  of  tin,  the  catalytic 
decomposition  behavior  could  not  be  differentiated  from  feat  of  undoe  tor  ed  SP-00.  The 
change  in  etarllng  activity  with  time  la  depleted  in  Pig.  10  while  the  aging  rate  as  measured 
by  the  silver  Ions  Is  shown  in  Pig.  11.  The  extent  at  silver  solution  decreased  slightly 
faster  than  Urn  decomposition  rate.  The  apparent  pH  exerted  a  alight  control  over  the 
rate  at  agrlng.  Thaa  at  a  pH  of  1.3.  the  affects  ot  On  warn  apparent  for  a  longer  storage 
period  than  at  a  pH  of  0.03.  It  la  seen  tn  Pigs.  10  and  11  hat  the  differences  were  quite 
small. 


Pig.  10  •  Effect  af  aging  time  ea  the  starting  activity  ef  SP-00 

(2.0-cm  length  sf  S.S20,is:h  silver  wire  eatolysi.  St-ml  »n~e 
at  i0*C> 
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rt*.  II  -  SlTvr  lot*  v*  aging  tlmr  for  the  ctl>;nlc 
decomposition  of  SP-VO  from  90%  to  $0%  (1.0-cm 
length  of  0. 020-inch  Silva  r  wt  re  c  ital  y  it,  50-ml 
■  ample  al  40*C) 


STUDIES  Off  MATERIALS  WHICH  DO  HOT  ALTER 
THE  CATALYTIC  DECOMPOSITION 

Two  corns**  salons,  sulfate  and  attests,  \rtre  included  la  this  study  although  previous 
work  had  Indicated  that  tttay  war*  not  participating  la  or  altering  tha  catalytic  d  acorn  posi¬ 
tion  of  hydrogen  per ok  Id*  (10).  Sulfuric  and  attrtc  acids  art  wtdsly  usad  chemicals  and 
trace  amounts  of  sulfate  or  nitrate  Iowa  Might  ho  ptekad  up  durlag  processing,  transfer- 
ring,  or  storing  of  pur  adds.  Either  acid  night  bo  used  to  adjust  the  pH  during  the  manu¬ 
facturing  process  and  both  bars  boon  lavwetlgated  aa  pickling  agents  for  aluminum  atorago 
container*.  Sulfate  Is  an  Integral  port  of  the  electrolytic  production  system.  Nitrate 
could  easily  be  formed  by  ontdaUaa  t!  any  alfcrogvn- containing  material  Introduced  Inten¬ 
tionally  or  accidently  into  parotide.  Those  considerations  supported  the  need  (or 
re-deflning  the  role  of  oulfato  and  nitrate. 

Thu  results  of  the  prsnsnt  work  using  8P-*0  confirm  the  c  one  1  on  loos  of  the  sarlter 
work.  The  additions  were  made  to  (Ire  concentrations  of  either  las  up  to  *0  mg/l.  No 
anon* Ilea  wort  obn erred  In  the  catalytic  actlrlty  or  the  silver  loss  at  this  concentration 
or  at  tha  tower  concentrations  studied.  Thus  tt  was  concluded  that  both  Ions  wars  entirely 
Innocuous .  at  least  In  this  study  on  the  liquid  phase  decomposition. 


BEHAVIOR  OP  PEROXIDE  SAMPLE* 

CONTAIN  INC  TWO  OR  MORS  ADDITIVE* 

fine*  com  mere!  *0%  pwrontds  might  be  expected  to  cantata  more  dux  cat  contam¬ 
inant,  e  tv  die*  war*  h.ads  with  IP-W  cents  tntag  two  or  more  of  tha  probable  Impurities. 
In  particular,  combinations  of  stammte,  phosphate,  and  aluminum,  each  of  which  afreet 
the  slleer  catalysed  decomposition,  worn  la  re*  tigs  tod.  Also  a  brief  anarch  was  mads  (or 
ions  which  might  nullify  the  uadsatrabte  affects  of  phosphate. 
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Phosphate  and  Tin 

! 

A  rreahly  prepared  ample  o I  9P-90  containing  1.0  mg /I  of  phosphate  and  9.0  mg/l 
1  of  tin  exhibited  high  starting  activity  and  high  allear  loan.  Also,  In  the  latter  parts  of  (he 

]  run  Inhibition  was  observed.  These  effect*  were  sllgh.'.y  more  pronounced  than  those 

i  observed  lor  a  sample  containing  9.0  mg /I  of  tin  alone.  A  strict  comparison  oi  the 

I  behavior  of  the  tiro  samples  was  difficult  because  of  the  aging  phenomenon  exhumed  by 

peroxide  samples  containing  tin.  The  aging  effect  wii  elto  observed  for  the  ttn-phosphate 
combination.  Figures  10  and  It  Indicate  that  the  aging  rate  was  fairly  rapid.  The  net 
effect  wes  that  the  behavior  of  9P-90  containing  phosphate  end  tin  had  returned  tu  that  of 
4  the  stork  material  within  2f  hours  after  addition  of  the  lone. 


Phosphate  and  Aluminum 

When  both  aluminum  and  phosphate  ware  added  to  3P-90,  the  sample  reacted  In  a  way 
intermediate  between  that  of  9P-d0  plus  aluminum  and  SP-30  plus  ^taaphata.  The  eoncen- 
I  tr  1 1  lone  chosen  for  study  wars  0.9  mg/I  of  aluminum  since  this  affords  the  maximum  Influ- 

enca  attained  by  this  element  and  1.0  mg /I  of  phosphate  because  even  this  low  concentration 
la  higher  than  desirable.  It  can  be  seen  In  Fig.  IS  that  the  effect  of  0.9  mg/1  of  aluminum 
on  the  starting  decomposition  rata  of  9P-*0  waa  greater  than  that  of  1.0  mg/1  of  phosphate. 
The  actl'  ity  of  a  sample  containing  both  (ell  In  bstwvvm.  The  magnitude  of  thalr  effects  on 
the  catalyst  loss  for  flP-tO  la  shows  In  Fig.  13.  The  Influence  of  1.0  mg/t  of  phosphate 
waa  greater  than  0.9  mg/I  of  aluminum  la  this  case  bet  the  combination  at  the  two  again 
|  fell  In  the  tatsrmsdlate  area.  The  sample  containing  aluminum  and  phosphate  continued 

to  give  the  name  decomposition  phenomena  after  fomr  days  and  It  waa  assumed  that  no 
further  reaction  occurred  between  these  two  tone  after  the  Initial  mixing. 
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Fig-  II  -  Effect  at  additives  as  lbs  decomposition  rats  of  IF-M 
tc.O-cm  isnf C.  of  O.CZC-iach  etlvof  wire  catalyst,  50-ml  sample 
ai  *0»C) 
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Ft|.  I J  -  Effect  at  tUltlTM  «  thn  all*tf  loaa  ft  9 

at  SP-W  (2  .0-cm  1  a  n|  I  h  >jf  0.020-tack  aUrar 
wtra  catAlyai,  M-ml  aampla  at  00*C) 


Tla  and  Alamlmim 

Whan  9.0  mg  A  of  Ua  and  0.9  mg/l  of  atamfaaam  wart  addod  to  BP-90,  tka  ftlrnr  'naa 
and  tka  starting  activity  vara  lacraaaad  ralattva  to  that  of  tka  stock  panidda.  Tka  tllm 
loaa  van  laaa  tkaa  that  for  tla  aloaa  hat  grantor  than  that  for  0.9  m«/l  at  (laatnam.  ’  * 
starting  activity  vaa  caaaldarabty  loan  tkaa  that  of  BP-90  coatatatag  atthar  alatoaat.  Tka 
aging  pattarv  for  Oita  Na-alamtmm  preparation  vaa  lacaaatatant.  Whan  Mated  after  four 
days,  It  vaa  found  that  tka  allaar  loaa  aad  activity  had  dacraaaad  appreciably  and  vara 
approaching  8P-9Q  la  thaaa  rae pacts  A  rrraraal  la  aging  aaaMad  to  occar  after  this 
Initial  dacraasa  alnca  tka  catalyst  loaa  and  starting  activity  after  alaraa  days  vara  graatar 
than  thoaa  obaarrsd  for  tka  mmgad  aampla.  Uttla  ehanga  occur  rod  la  aa  additional  ala 
day*.  Stnco  tka  ora  rail  affact  vaa  aof  atsrtllng,  tka  a  tody  vaa  not  parauad  furtkar. 


Phaapkate,  Tla,  aad  Alnmlnav 

Wkaa  a  fraak  aampfe  coatatatag  1.0  mg/1  of  phaapkate,  9.0  mg /I  of  tin,  aad  0.9  rag /I  ft 

of  a  lamina  m  vaa  taatad  la  tka  static  avalaator,  a  catalyst  leas  foar  Qmaa  that  far  9  P-90 
via  found.  This  dacraaaad  alovty  altk  Has  ao  that  after  19  daya  tka  eatelyst  loss  was 
torn#  times  that  for  tka  undoctorad  paronMa.  Tka  starting  activity  for  a  'rash  aampla  vaa 
altghlly  higher  tkaa  that  for  BP-90  bat  thta  alao  dacraaaad  vlth  age  aad  dtftarad  Uttla  from 
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SP-90  after  standing  for  1$  day*.  Th*  catalytic  activity  appeared  lo  become  somewhat 
Inhibited  by  this  sample  when  the  peroxide  concentration  dropped  lo  about  75%  Hence 
the  decomposition  rate  ana  quite  low  at  concentration#  leaa  than  this.  Aging  tor  2N  days 
shifted  this  Inhibition  point  lo  about  70'1  concentration 


Other  Additives 

Some  runs  were  made  with  a  still  more  complex  aya**m.  Flee  mg/1  of  nitrate  and 
flee  mg/1  of  sulfate  were  Included  In  the  additive  mlxlvre  cor.'atnlig  the  phosphate,  tin, 
and  aluminum  The  behavior  of  the  imaged  material  containing  the  five  contaminant*  was 
very  close  to  that  of  SP-90  with  only  Al,  Sn,  and  PO,  added.  The  sulfate  and  nitrate  did 
not  greatly  affect  the  aging  phenoma^on  either,  although  the  change  In  starting  activity 
did  not  show  the  trend  found  for  the  alumlnum-tla-phc«phate  combination 


Search  for  a  Phosphate  Neutraliser 

The  serlou  i  CMtsequercva  of  phosphate  contamination  on  the  silver  catalysed  decom¬ 
position  of  hydrogen  peroxide  stimulated  efforts  to  find  a  means  of  counteracting  this  Ion. 
Adjustment  of  tne  pH  to  e  nigher  value  controlled  the  Influence  of  phosphate  but  adversely 
affected  the  •  (ability  of  the  peroxide.  Addition  of  atannate  seemed  to  partially  nullify  the 
effect*  of  plioephat*  ion  If  a  short  aging  period  was  permitted  after  the  mixing.  Aluminum 
area  found  to  partially  block  phosphate  in  that  it  reduced  the  silver  Ions  due  to  this  anion. 

It  waa  hoped  that  a  material  might  be  found  which  would  remove  or  tie  up  phosphate  yet 
not  participate  In  or  slier  the  catalytic  decomposition.  Obvtoualy,  a  requirement  lor  such 
a  material  would  be  that  It  must  not  decrease  the  stability  of  peroatde. 

The  possibility  that  phosphate  would  form  •  salt  which  was  Insoluble  In  90%  hydrogen 
per  on  Ids  seemed  to  be  a  promising  approach.  The  ability  of  aluminum  to  counteract 
phosphate  might  be  due  to  the  formation  of  aluminum  phosphate  which  could  have  low 
aotublllty  In  peroxide.  The  solubility  of  phosphate  salt*  la  water  waa  used  as  the  criterion 
for  selection  of  cations  for  these  expert  meats.  Stars  net  heavy  metals  and  transition 
metals  are  good  catalysts  fur  peroxide  decomposition,  their  tons  were  not  considered.  The 
neutralising  capabilities  of  aluminum,  the  moat  promising  of  the  Group  nf  elements, 
were  reported  abort.  Thus  the  choice  narrowed  down  to  the  alkali  end  alkaline  earth 
metals.  Only  lithium  of  the  Group  I  elements  has  a  slightly  soluble  phosphate  white  all 
the  Group  II  elements  form  phoephatas  which  have  a  tow  solubility  In  wster.  On  thin  bests, 
dilute  solutions  of  lithium,  magnesium,  calcium,  or  barium  satis  were  added  to  SP-90  end 
tested  In  the  static  evaluator.  Table  S  shows  that  these  lonn  were  essentially  inert  ae  far 
as  the  catalytic  decomposition  behavior  of  SP-90  waa  concerned. 

When  1.0  mg /I  of  phosphate  was  also  prvwent  along  with  one  of  these  cation*  In  SP-90, 
the  typical  behavior  of  the  phosphate  manifested  Itself  as  la  sewn  In  Table  4.  The  catalyst 
efficiency,  as  expected,  waa  somewhat  greater  than  that  for  1  0  mg /I  « A  phosphate  alone 
but  still  considerably  less  than  that  for  undoctored  SP-90.  tn  the>»  studies  the  concen¬ 
tration  of  the  cation  wsa  present  In  excess,  hence  further  addition  would  not  be  expected 
to  Improve  this  situation  significantly  anises  gaits  high  concentrations  at  these  sells  were 
permissible.  It  Is  teen  In  Table  4  that  urtth  the  exception  of  the  barium  sample  the  catalyst 
efficiency  for  thane  samples  remained  the  same  or  decreased  with  age.  The  deetrable 
Increase  yxhtbtted  by  the  barium  sample  was  clouded  by  the  tset  that  inhibition  of  the 
catalyst  occurred  when  the  peroxide  concentration  dropped  to  aboil  00%.  These  cations, 
which  (atlad  to  altar  the  decomposition  rate  of  3P-U0  when  present  alone,  combine  1  with 
phosphate  to  Increase  the  starting  activity.  This  activity  waa  Increased  still  mora  when 
the  aged  samples  were  used. 


COWFfDIWTIAL 


I ft 


NSVAl  till  A  VCN  lAt< lAIOfV 


CONFIDENTIAL 


TABLE  3 

Catalytic  Decomposition  Phenomena  for 
SP-90  Contalntnf  Add ad  Cations 


— 11 

concentration  of  Cation 
(mf/l) 

Catalyst  Efficiency* 

(cu  ft  ol  Ot/g  of  allrer  loat) 

— - - 

Starting  Kata 
(ml  ot  O,  /min) 

Nona 

73 

04 

Lithium 

1.0 

•9 

01 

Calcium 

1.0 

36 

74 

Barium 

3.0 

30 

90 

Magnesium 

1.0 

37 

08 

2.0-cm  length  ol  an  0.020-inch  ailvar  wire  catalyst  in  SO -ml  of  90|  hydrofan 
peroaidr  al  60  C 


TABLE  4 

Catalytic  Decomposition  Ptisso naans  tor  SP-90 
Contain  Inf  1.0  mg/1  of  Phosphate  Pins  Addsd  CaMaas 


Cation  Addsd 

Cone  an  trail  on  o<  Cation 
(■»•/» 

*«• 

(daym) 

Catalyst  Efficiency* 

(es  ft  of  O,  /%  of  allasr  loot) 

Starting  Rats 
(ml  id  0,/nln) 

Notts 

0 

14 

193 

L  1th  him 

1.0 

1 

» 

1M 

1.0 

MM 

14 

379 

Barium 

3.0 

1 

11 

101 

3.0 

Kfl 

31 

303 

Calcluaa 

1.0 

H 

>1 

439 

U 

31 

400 

Magnesium 

1.0 

H 

at 

341 

wM 

19 

4IS 

'i.l-tm  lanfth  of  an  0.010-inch  etlaer  wira  catalyal  in  SO -ml  a I  W4  hydrofas 
pero«id«  at  t>0#C 
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DISCUSSION 

The  inform*Um  presented  In  the  preceding  sections  shows  thst  the  liquid  phase  decom¬ 
position  of  hydrogen  peroxide  on  silver  Is  a  very  sensitive  phenomenon.  The  behavior  of 
SP-90  can  be  altered  greatly  by  the  addition  of  minute  amounts  of  certain  Inorganic  Io«*j. 
yet  It  Is  immune  to  other  Ions.  The  decomposition  rate  for  SP-BO  increases  an  the  peroxide 
concentration  decreases  and  also  as  the  sample  temperature  is  lowered.  In  order  to  under¬ 
stand  theae  and  other  phenomena,  a  detailed  mechanism  for  the  catalytic  decomposition  of 
hydrogen  peroxide  is  necessary.  Although  much  Is  available  in  the  literature  concerning 
the  decomposition  of  peroxide  by  homogeneous  catalyst,  studies  on  the  klnrtlcs  of  heteroge¬ 
neous  catalysis  are  tew  in  number  ind  limited  la  sco|«  (IB).  Any  proposed  mechanism 
must  thus  be  composed  from  conjecture  and  analogy. 

The  Increase  In  the  decomposition  rate  of  hydrbgen  peroxide  as  the  concentration 
decreases  nas  also  been  observed  by  Smith  and  Beard  (16).  They  proposed  that  this  is  due 
ij  a  vapor  envelope  which  eurrour.de  the  catalyst  at  high  peroxide  concentrations.  Is  their 
concept  they  consider  that  the  heat  release  (or  the  decomposition  of  high  strength  peroxide 
heats  (he  silver  wire  to  a  temperature  higher  than  the  boiling  point  of  peroxide.  Liquid 
approaching  the  hot  wire  Is  vaporised.  The  film  resulting  functions  as  a  Carrier  for  the 
transit.  of  heat  from  the  wire  to  the  bulk  of  the  liquid  and  (or  the  transfer  of  peroxide 
from  the  liquid  to  the  catalyst.  This  is  analogous  to  the  film  boiling  phenomena  associated 
with  a  liquid  on  a  very  hot  solid  (20).  Under  such  conditions  the  heat  trans  rate  from 
the  solid  to  the  liquid  is  low  because  a  film  of  evaporated  liquid  forms  and  Insulates  the 
solid.  When  the  liquid-solid  temperature  differential  la  leaa,  the  *l>~  a  not  continuous 
and  the  liquid  makes  more  intimate  contact  with  the  aotid  hence  there  is  a  greater  transfer 
of  heat. 

The  effectiveness  of  the  vapor  barrier  la  the  peroxide -a liver  system  would  depend 
somewhat  on  the  peroxide  concentration.  As  the  concentration  drops  there  would  be  a 
greater  number  of  Inert  water  molecules  to  lnterfera  with  the  efficiency  of  Uie  catalyst 
and  more  of  the  neat  of  reaction  would  go  Into  the  vaporisation  of  Ihe  wit*-.  Therefore, 
the  wire  temperature  should  tall  and  the  gas  film  becoana  lees  restrictive  °  un  pro¬ 
gresses.  The  increasing  contact  between  the  liquid  and  wire  which  wr-ild  result  explains 
the  Increasing  decompose len  rate  observed.  Smith  and  Beard  showed  that  the  catalyst 
temperature  can  ranch  a  value  above  the  boiling  point  of  peroxide  and  that  this  temper¬ 
ature  decreases  to  the  boiling  point  as  the  peroxide  concentration  decreases. 

The  increase  found  In  the  present  study  for  the  decomposition  rate  aa  ’he  peroxide 
temperature  was  lowered  la  also  explained  on  the  basts  of  the  vapor  barrier.  At  the  higher 
■ample  temperatures,  the  liquid  approaching  the  silver  catalyst  would  not  absorb  aa  much 
heat  In  being  rained  to  the  boiling  point  and  thue  t  more  extensive  gaa  film  would  be  formed 
to  Interfere  wtth  the  effectiveness  of  the  catalyst. 

The  silver  which  U  lost  by  the  catalyst  during  the  decomposition  of  high  strength 
hydrogen  peroxide  Increases  the  conductivity  sad  the  apparent  pH  of  the  peroxide  (21). 

This  Indicates  that  the  catalyst  goes,  into  eolation  as  toxic  silver  and  thst  hydroxyl  or 
parbydroxyl  tana  are  formed.  The  continuous  stripping  of  silver  Ions  from  the  surface 
mease  that  the  catalyst  Itself  endergoaw  a  marked  change  daring  the  peroxide  decompo¬ 
sition.  Although  the  catalyst  used  la  theae  studies  loses  ■  significant  partes  tags  of  Its 
weight,  the  namfcar  of  molecules  of  oxygen  produced  per  ikn  of  stiver  petering  ttw  solu¬ 
tion  Is  shoot  10.000.  Thin  ratio  remains  (airly  eoeetsat  for  any  particular  sample  as  the 
par  nates  cost  astiatina  decreases.  It  is  iharrioru  puniitns  that  the  reaction  of  silver  with 
hydrogen  peroxide  la  the  InltUtlag  step  of  a  chile  reaction.  The  picture  visualised  to  one 
in  which  a  hydroxyl  radical  is  produced  in  this  atop,  similar  to  the  electron  transfer  step 
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suggested  by  Weiss  for  psnnidt  decomposition  ao  a  ht'croftntous  catalyst  (21)  Tits 
chats  propagating  steps  are  considered  to  be  those  two  frequently  postulated  for  peroxide 
decomposition  la  which  perhydruxyt  and  hydroaryl  radicals  ate  produced  (19).  A  conven¬ 
tional  combination  of  two  free  radleala  la  proponed  aa  a  posatbie  termination  atep. 

An  alternate  mechanlam  to  consider  la  the  reversible  oxidation -reduction  sequence 
for  silver.  In  such  a  system,  peroxide  functions  aa  an  oxidising  agent  with  atomic  silver 
and  aa  a  reducing  agent  with  tonic  stiver.  The  net  effect  la  an  unchanged  catalyst  and  tha 
formation  of  water  and  oxygen.  Baxendale  discusses  the  participation  of  ferrous  and 
ferric  Ions  In  the  homogeneous  decompnttloa  of  hydrogen  peroxide  by  Iron  salts  (23).  Ha 
has  concluded  on  the  basis  of  slnetlc  studies  at  very  low  peroxide  concentrations  that  both 
ions  can  play  Important  roles  In  the  decomposition  of  hydrogen  peroxide.  A  mechanism  of 
this  type  involving  atomic  and  divalent  silver  has  been  set  forth  by  Wentworth  (18).  Such 
a  scheme  requires  that  each  silver  atom  at  the  surface  of  the  catalyst  undergo  a  complete 
redox  cycle  In  five  microseconds  to  account  for  the  obaereed  activity  In  the  studies  reported 
here.  A  mechanism  requiring  the  performance  of  thin  complex  behavior  In  such  a  short 
time  Is  not  as  attractive  as  the  chain  mechanlam  presented  first. 


In  an  effort  to  tie  the  preceding  thougrte  together,  a  possible  mechanism  la  presented 
for  the  sliver  catalysed  liquid  phase  decorapsoltion  of  hydrogen  peroxide: 

A.  HfO,  (bulk  liquid)  — -  H, O,  (silver  surface) 

B.  H, O,  ♦  Ag  — »  Ag+  ♦  Off'-uff*  (chats  Initiating  step) 


Cl.  OH*  ♦  H.O,  — -  OOH*  ♦  H.O 

C2.  OOK*  ♦  H.O,  - -  OH*  4  H.O  4 

D.  OH*  *  OOH*  — —  H,  O  4  O)  (chain  terminating  slap). 


(chain  propngatlng 
steps) 


Step  A  la  a  diffusion  process  which  baeomsa  a  limiting  factor  whan  a  vapor  barrier 
surrounds  the  catalyst.  Tbs  attack  of  peroxide  ox  metallic  silver  produces  a  fraa  hydroxyl 
radical  In  reaction  B.  This  species  abstracts  a  hyd» ogeo  from  a  mo, scale  of  pero-*d#  aa 
shown  In  atep  Cl.  It  la  proponed  that  the  perhydrcxyl  radical  thus  farmed  con  times  the 
chain  in  atop  C2  by  reacting  with  addttlanal  peroxide  to  prodace  a  aaw  hydroxyl  radical. 
The  abundance  of  peroxide  molecules  makes  the  repetition  of  reactions  Cl  and  C2  vary 
probable.  The  length  of  this  chats  should  be  long  at  high  peroxide  concentrations  but 
could  be  terminated  by  the  occasions!  collision  of  two  fraa  radleala.  The  latter  might  be 
a  reaction  such  aa  (hat  lllastratod  la  atop  D. 


An  examination  of  the  ~ote  of  additives  Is  now  In  order.  II  has  bean  Sana  that  tin, 
phosphate,  and  alum  loom  greatly  Increase  the  starting  activity  of  8  P- 90  although  they  do 
not  Increase  the  maximum  rate  attained  la  a  run.  Smith  auad  Beard  observed  this  phenom¬ 
ena  for  atmanato  and  aluminum  (if).  They  suggested  that  these  materials,  which  form 
colloidal  solutions,  wars  function  lag  to  disrupt  the  vapor  barrier  than  allowing  a  higher 
rate  of  reaction  between  peroxide  and  the  catalyst.  Their  proposal  seems  to  be  reasons  bit 
and  a  result  of  this  would  be  that  the  rata  of  stop  A  would  be  acctlerated.  The  degree  of 
this  acceleration  should  Increase  with  the  concentration  of  additive.  This  was  found  to  be 
true  experimentally  at  low  eoaceatrstlaaa  of  tta  aad  aluminum,  but  the  starting  activity 
was  not  further  Increased  by  additions  above  certs  is  impests.  This  might  be  tspUinad 
if  It  is  assumed  that,  In  the  absence  of  a  vapor  barrier,  the  rate  for  atop  B  of  the  mech¬ 
anism  is  slower  than  the  rate  for  atep  A. 
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Phosphate  probably  remains  In  the  Ionic  state  In  peroxide  and  its  ability  to  increase 
the  •■•arting  activity  ir,  rsruUuni  •  reaeSt  of  -i  loechanism  not  -xhtblted  by  tin  or  alum¬ 
inum.  Nonetheless.  (i  is  thought  that  phosphate  is  active  »l  the  liquid-solid  Interface  and 
Is  capable  of  disrupting  the  gas  dim  In  Its  oam  way. 

It  should  be  noted  that  I*-  -  film  boiling  phenomenon  referred  to  earlier  Is  sensitive 
to  'he  type  and  condition  of  th  hot  surface.  Akin  and  McAdams  observed  that  film  bolting 
began  at  a  higher  liquid-solid  Inmperature  differential  when  a  steel  tube  vis  covered  with 
scale  (24).  The  effect  of  Intertidal  tea-ions  on  best  transfer  has  been  discussed  by  Larson 
(25).  His  theoretical  considerations  show  that  both  the  solid- liquid  Intrrfaclai  tension  and 
the  liquid- vapor  tension  would  influence  the  heat  transfer.  It  would  be  reasonable  to  sup¬ 
pose  that  the  preccnco  of  phosphate  could  materially  affect  both  the  liquid-solid  and  liquid- 
vapor  Interfacial  tensions  and  thus  Influence  the  rate  of  heat  transfer  In  the  system.  T^'s 
In  turn  eo*'td  readily  affect  the  starting  activity.  However,  It  la  difficult  to  rationalise  why 
Hits  behavior  should  be  limited  to  phosphate  aid  not  be  exhibited  by  other  anionic  species 
such  as  sulfate  or  nitrate. 

The  decomposition  efficiency  of  »  silver  catalyst  was  decreased  If  aluminum,  tin,  or 
phosphate  were  added  to  3P-90.  Thus  the  volume  of  oxygen  produced  per  milligram  of 
sliver  dissolved  decreased  If  any  of  these  materials  was  present.  The  observations  on 
the  effects  of  tin  were  not  amenable  to  quantitative  evaluation  because  of  the  rapid  aging 
exhibited  by  atannate  In  peroxide.  The  magnitude  of  the  influence  of  aluminum  on  this 
oxygen-to-sllver  ratio  was  dependent  upon  Its  concentration.  When  a  definite  concen¬ 
tration  was  exceeded,  no  additional  decrease  wan  found.  The  pattern  of  Increase  In  the 
•  liver  loss  was  similar  to  the  Increase  la  starting  activity  tor  SP-90  to  which  aluminum 
waa  added.  This  could  Indicate  that  aluminum  affects  bob'!  of  there  properties  at  Hie  same 
place  In  the  decomposition  mechanism.  At  beat  this  conjecture  la  highly  speculative. 

The  efficiency  of  the  silver  catalyst  was  sharply  reduced  by  phosphate  This  Is  illus¬ 
trated  in  Table  5  where  the  number  of  molecules  of  oxygen  evolved  per  atom  of  silver  going 
Into  solution  Is  Hated  for  varlou:  phosphate  concentrations.  Hence,  even  thou-f.  U  was 
seen  In  Fig.  6  th»'.  the  starting  tats  for  SP-90  eahIMtsd  a  reversal  at  2.0  mg/|  of  phosphate, 
the  silver  loss  baaed  on  the  volume  of  oxygen  continue*  to  rise-  It  Is  propetcO  that, 
although  the  phosphate  probably  increases  the  starting  rate  by  dls»  'ptlng  tLe  vapor  barrier 
around  the  catalyst,  this  anion  influences  some  of  the  reactions  In  t  e  decomposition  proc¬ 
ess.  In  the  model  mechanism  proposed  earlier,  a  decrease  In  the  rate  of  ttepe  C  or  an 
Increase  In  the  rats  of  step  D  would  decrease  the  ratio  of  the  rates  of  the  chain  propagat¬ 
ing  to  chain  terminating  steps.  The  net  effect  would  be  that  which  was  found  experimentally. 
However,  It  la  also  posalb  •  that  the  phosphate  could  introduce  a  different  chain  termin¬ 
ating  step  so  that  again  the  ratios  of  the  rates  would  be  diminished  giving  the  same  overall 
affect. 

The  experimental  results  were  gives  for  the  samples  containing  two  or  more  additives, 
ft  Is  noteworthy  that  tin,  which  Is  Innocuous  afar  a  period  of  aging,  can  effectively  counter¬ 
act  phosphate  contamination.  Aluminum  la  also  useful  la  tying  up  phosphate  but  falls  short 
of  atannate  te  this  respect.  The  chemistry  of  these  Interactions  has  not  been  studied  and 
what  mechanisms  bare  been  suggested  are  loo  specelatlve  to  be  considered  here.  The  three- 
addttive  sad  five-additive  systems  studied  are  probably  too  complex  to  evaluate  even  qual¬ 
itatively  at  present. 

The  ’creeh  program’  on  hydrogen  peroxide  which  has  been  sponsored  by  the  Bureau 
of  AeroMMittcs  Included  the  comparison  of  laboratory  evaluator*  with  each  teher  and  witn 
rocket  engines.  The  two  evaluators  utilised  la  this  cooperative  program  were  the  NHL 
static  evaluator  described  In  this  report  and  a  low  pressure  flow  system  developed  by 
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TABLE  5 

Effect  of  Phosphite  on  the  Efficiency 
of  i  Stiver  Catalyst* 


Phosphate  Concentration 
(mg/I) 

Motecutes  of  Oxygen  Evolved 
per  Atom  of  Silver  Dissolved 

0.0 

9900 

O.t 

7700 

0.25 

4500 

0.5 

4000 

0.7 

3200 

1.0 

1900 

2.0 

700 

S.O 

500 

4.0 

300 

*2.0-cm  length  c(  an  0.020-inch  lUvet  wire  catalyst 
in  a  50. ml  sampic  ' '  001k  hydrogen  peroxide  at  oO*C 


Becco.  Both  systems  were  designed  to  study  the  liquid  phase  decomposition  of  peroxide  an 
a  catalyat  at  atmospheric  pressure.  The  static  evaluator  was  used  la  the  studies  at  this 
Laboratory  while  Becco,  Reaction  Motors,  sad  tie  Naval  Air  Rocket  Taat  Station  made 
their  tests  with  Becco  tow  pressure  evaluators. 

Table  •  lists  data  from  these  four  establishments  for  samples  with  the  same  caawes- 
tratlons  of  additives  and  a  tine  salver  catalyst  (IT).  It  la  seen  that  the  cataly-t  efficiency 
for  any  one  sample  was  of  the  une  order  at  magb.tudc  at  the  toer  laboratories.  Further¬ 
more,  the  decline  In  efficiency  as  the  phosphate  concentration  Increases  was  generally  the 
same.  It  la  concluded  that  the  simple  static  evaluator  can  give  reliable  results  whan  only 
th>  comparison  of  the  liquid  phase  decomposition  of  per  aside  sample  la  of  primary  concern. 
On  the  other  hand,  the  low  pressure  evalsator  Is  a  valuable  tool  for  assessing  the  quality 
c?  plated  screen  catalysts  tor  engine  applications. 

The  laboratory  evaluators  caa  give  Indications  concerning  the  angina  behavior  of 
peroxide  samples  containing  cartaln  contaminants.  The  beat  exnmple  of  this  Is  the  phos¬ 
phate  Ion  which  greatly  decreases  the  catalyat  efficiency  Is  a  laboratory  test  and  also 
shortens  the  bed  life  of  a  rocket  engine  catalyst.  Tta  appears  to  exert  no  affect  la  both 
systems  If  aged  sample  are  considered.  Thera  la  soma  evidence  that  nitrite  may  give 
trouble  in  an  engine  If  Its  concentration  ie  io  mg/i  or  higher,  me  'laboratory  iesbi  indi¬ 
cated  that  a  concentration  nf  at  leant  >0  mg /I  could  be  tolerated.  Clear-cut  differences 
between  laboratory  experiments  and  motor  teats  were  found  tor  simples  containing 
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Obtained  at  Various  Laboratories 


SAMPt  E 

Cubic  Feet  of  Oxygen  Evolved  per  Cram  of  Silver  Lon  I 

Static  Eralimtor 

LOW  Pressure 

Evaluator 

NHL 

NART3 

RM1 

BECCO 

SP-90 

73 

65 

77 

58 

SP-90  ♦  0  1  mg/I  of  P04 

62 

— 

- 

40 

SP-90  .  0  25  mg/I  i  f  P04 

38 

- 

-- 

32 

SP-90  *  0.5  mg/t  of  P04 

36 

- 

— 

25 

SP-90  ♦  1.0  mg/I  of  PO, 

16 

19 

18 

23 

SP-90  *  2  0  mg/I  of  P04 

6 

14 

10 

-- 

SP-90  *  4.0  mg/1  of  P04 

2 

- 

0.3 

-- 

SP-90  ♦  0.25  mg/1  of  Al 

39 

-- 

— 

-- 

SP-90  *  0.5  mg/l  of  At 

24 

-- 

25 

27 

SP-90  ♦  1.0  mg/l  of  Al 

20 

2* 

23 

-- 

SP-90  ♦  2.0  mg /I  of  Al 

22 

30 

23 

— 

SP-90  ♦  5  0  mg/l  of  Al 

20 

32 

— 

-- 

SP-90  ♦  10.0  mg/l  of  NO, 

73 

-65 

64 

63 

SP-90  ♦  10.0  mg/l  of  SO* 

80 

V< 

l_!L 

96 

* 


& 


► 


» 
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aluminum  or  sulfata.  Aluminum  la  a  concentration  of  0.5  mf/l  did  not  affect  motor  per- 
formaoce  but  It  did  cut  the  catalyst  efficiency  la  the  liquid  phase  decomposition  studies. 

The  story  was  reversed  when  tin  contaminant  was  sulfate.  The  laboratory  runs  fare  so 
Change  from  the  performance  of  SP-90  but  3.25  mf/l  of  sulfate  was  the  limit  for  satis¬ 
factory  engine  operation. 

It  thus  appears  that  the  presently  need  laboratory  evaluators  will  not  always  predict  P  l 

the  behavior  of  a  peroxide  sample  la  a  rocket  eafine.  Slace  these  ays  terns  enmlne  only 
the  liquid  phase  pert  of  the  decomposition,  It  seems  reasonable  to  aspect  other  factors  to 
play  sow*  nart  In  the  high-temperature  portion  of  a  catalyst  bed.  Par  Instance,  the  detri¬ 
mental  effect  of  sulfate  appears  to  be  a  physical  one  la  which  the  high- temperature  part 
of  the  catalyst  bed  becomes  (Hugged  with  1  white  fluffy  deposit  of  sodium  sulfate.  In  (he 
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laboratory  evaluator*  the  sulfate  stay*  In  solution  because  excess  liquid  la  available  bui 
in  the  r  ’gin*  the  solvent  Is  decomposed  and  evaporated  leaving  the  sulfate  salt  behind  on 
the  catalyst  bed.  Thin  particular  salt  accumulates  In  the  bed  since  It  la  stable  al  the  tem¬ 
peratures  Involved  and  apparently  la  able  to  adhere  to  the  catalyst.  Other  deposits  which 
are  decomposed  by  the  high  temperature  or  do  not  stick  to  the  bed  are  swept  out. 

The  difficulties  associated  with  phosphate  contamination  <-»n  be  traced  Us  Its  ab'!1*? 
to  Increase  tint  notation  rata  of  silver  la  peroxide.  The  screens  are  stripped  of  their  cata¬ 
lyst  in  a  shorter  time  than  normal.  U  the  silver  la  carried  all  the  way  Into  the  rocket 
exhaust,  the  catalyst  will  become  depleted  more  rapidly  and  eventually  Incomplete  decom¬ 
position  of  Uia  peroxide  Mil  be  the  result,  it  haa  also  been  found  la  many  cases  that  the 
silver  remains  In  the  bed  as  a  deposit  In  the  lower  sections.  Frictional  forces  build  up 
In  auch  clrcmatancee  and  decrease  the  flow  rate.  In  either  event,  the  effect  of  phosphate 
Is  highly  del  ‘terlous. 

The  redepoaitton  of  silver  on  the  catalyst  bed  may  be  as  small  particles  or  as  a  thicker 
plate  on  Cr  Jownstrea-n  screens.  Such  behavior  la  similar  to  that  found  In  the  laboratory 
tests  when  <ne  sliver  r •precipitated  as  the  peroxide  concentration  decreased. 


» 
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SUMMARY 

The  decomposition  of  high  purity  *0%  hydrogen  peroxide  on  s  silver  catalyst  waa  found 
to  be  sensitive  to  certain  Inorganic  contaminants.  The  rata  of  decomposition  and  Ut  cata¬ 
lyst  loss  wars  altered  by  mlnu’e  amounts  of  phosphate,  staimate,  or  aluminum  Iona  but 
were  immune  to  sulfite  and  nitrate  Iona  la  the  peradde  solution.  The  effect  of  tin  waa 
subject  to  aging  so  tnat  Us  Influence  was  uegltgibt*  data  day  after  It  was  added  to  the  sam¬ 
ple.  Aluminum  Incensed  the  starting  activity  of  the  sliver  catalyst  as  well  as  Its  solution 
rate.  These  effects  were  observed  at  concentration*  of  alsmtrum  below  0.8  mg/1  bat  were 
not  increased  by  raining  the  aluminum  concentration  above  this  raise.  The  Increased 
silver  Ians  due  to  the  presence  at  aluminum  was  moderate.  When  phosphate  Ion  waa  added 
to  hydrogen  peroxide,  the  activity  waa  Increased.  With  concentrations  above  2  mg/1,  an 
Inhibiting  reaction  masked  this  lacrease  and  the  decomposition  rale  became  alow.  Phos¬ 
phate  sharply  magnified  the  amount  of  silver  that  dissolved  In  the  peroxide  sample  The 
cats  I /at  efficiency  waa  cat  by  a  factor  of  SO  at  a  phosphate  concentration  of  4.0  mg/I. 
Attempts  to  control  the  undesirable  lafleMce  of  phosphate  allowed  that  addition  of  tin  wan 
effective  in  nullifying  the  abnormalities  dee  to  the  phosphate.  Addition  of  alamtnuaa  loan 
or  ad'tis>ment  of  the  apparent  pi!  to  higher  valves  are  less  satisfactory  mssnn  of  partially 
counteracting  the  effects  of  phosphate. 

The  NRL  static  evaluator  give  catalyst  efficiencies  comparable  to  those  found  for 
similar  hydrogen  peroxide  samples  la  the  flow  apparatus  developed  by  Becco.  Some  agree¬ 
ment  was  also  foand  be  twain  this  laboratory  a  Indy  and  rocket  angina  tsetn.  The  Major 
discrepancy  bates  en  these  two  was  found  for  samples  containing  sulfate  Ion.  In  Bn  a  valu¬ 
ator ,  tha  sulfate  salt  rs mains  la  solution  and  does  not  affect  the  catalyst.  In  the  engine 
the  peroxide  la  completely  ehnngsd  to  gaseous  products  and  the  sulfate  sail  la  deposited 
In  the  catalyst  bed,  thereby  causing  dec  relied  flow  rates  of  propellant. 
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DETERMINATION  OF  INORGANIC  MATERIALS 
IN  HYDROGEN  PEROXIDE 


In  studies  of  the  phenomena  associated  with  the  catalytic  decomposition  of  hydrogen 
peroxide  It  Is  often  necesaary  to  hare  reliable  analytical  methods  tor  .'.'ter mining  the  con¬ 
centrations  of  those  Ions  which  affect  the  citalytlc  behavtor  so  markedly.  The  concentra¬ 
tions  of  Interest  are  low  and  the  standard  volumetric  or  graelmetrlc  procedures  ol  analysis 
are  Impractical.  Colorimetric  methods  which  hare  high  aenatttrlHea  were  found  to  be  use¬ 
ful  for  phosphate,  aluminum,  nitrate,  and  tin.  Turbldlmetrlc  and  nephelometric  methods 
are  widely  used  to  determine  tow  concentrations  at  sulfats  In  aqueous  solutions.  Although 
such  methods  were  the  best  aratlable,  they  are  Bill!  net  too  (pood  because  the  formation  of 
the  bertum  sulfa,*  precipitate  ts  sensitive  to  a  variety  of  factors. 

Analyses  for  any  of  the  Iona  require  that  the  peroxide  be  decomposed  first  since  It 
Interferes  with  the  lormatlon  of  precipitates  or  color.  In  tome  methods,  peroxide  reacts 
with  the  organic  reagents  used,  producing  undesirable  colors.  The  normal  peroxide 
removal  method  Involves  a  combination  evaporation-decomposition  procedure  on  a  steam 
bstY  V  permissible,  the  sample  la  made  alkaline  to  accelerate  the  decomposition  rate. 

In  the  present  study  It  waa  found  convenient  to  use  the  Lumetron  Photoelectric  Color¬ 
imeter.  Model  402-E,  for  all  of  the  analyses.  Its  sensitivity  was  acceptable  and  Its  design 
permits  the  determination  of  sulfats  by  the  shtfting-cavstte  procedure.  The  latter  la  more 
sensitive  than  the  turbldlmetrlc  method.  Burettes  were  seed  to  add  some  of  the  reagents 
since  the  concentration  of  many  of  them  must  be  carefully  controlled.  The  various  analyses 
are  treated  separately  below. 


PHOSPHATE 

Place  10.0  ml  of  hydrogen  peroxide  In  a  100 -ml  Tycor  e  vaporating  dish.  Add  about 
I  ml  of  0.1N  sodium  hydroxide,  stir,  cover  with  c  “Speedy -Vap,*and  evaporate  to  dryness 
on  a  steam  bath.  Wash  down  the  dish  and  cover  with  water  awd  again  e  vapor  its.  Acidify 
with  0.03N  sulfuric  acid  (about  3  ml  ts  sufflclant  to  nawtraUse  the  sodium  hydroxide  and 
unsure  adequate  acidity)  and  warm  for  30  minutes  on  a  a  team  bath.  Tranefsr  with  wash  - 
I;  ,a  to  a  30-mt  volumetric  flask,  dilute  to  40  ml,  and  add  successively  from  burettes 
1.0  ml  of  1.3%  ammonium  molybdate  tn  10N  sulfuric  acid  and  1.0  ml  of  0.3%  stannous 
chloride  la  0.3N  hydrochloric  acid.  Pill  to  the  mark  and  measure  percent  transmittance 
In  a  30- mm  cell  with  a  photelechrlc  colorimeter  at  M0  mtlltmtcrona  10  to  20  minutes  after 
final  mixing.  Determine  the  phosphate  concentration  from  a  calibration  curve. 

Hola  -  The  final  concentration  of  the  reagents,  the  pH  of  the  final  solution,  and  the 
leasts  of  development  time  are  critical  la  the  ‘molybdenum  blue*  method  for  phosphate.* 
The  residue  from  the  evaporation  step  la  heatad  with  autfurtc  acid  to  convert  any  pyro¬ 
phosphate  to  orthophosphate  The  staanou  chloride  reagent  should  be  prepared  the  same 
day  It  la  uaed.  If  a  stronger  reagent  3N  In  hydrochloric  acid  ta  prepared,  a  portion  of 
mis  may  be  diluted  1:13  for  use  every  day.  Thin  will  afford  consistent  results. 


N.L..  Allport,  "Colorimetric  Analysis,"  London: Chapman  and  Hall,  1447,  p.  144 
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PUc*  10.0  ml  of  hydrogvn  peroxide  *nd  about  I  mini  0  IN  sulfuric  acid  lr.  A  Vjrcor 
evaporation  dlnh,  MU,  cover  with  a  Speed;-- Vap,  and  evaporate  on  a  ilrin  bath.  Waah 
d  >*n  the  dish  and  cover  with  distilled  water  and  again  evaporate.  Taka  up  In  water  and 
transfer  to  a  50-ml  volumetric  flask ,  keeping  the  volume  of  washings  small.  Add  one  drop 
ot  phenolphthaleln  and  make  Just  alksllne  by  the  addition  of  8%  sodium  hydroxide  solution. 
Neutralise  the  solution  with  IN  hydrochloric  acid  and  add,  from  a  burette.  2.0  mi  In  excess. 
Add  5.0  ml  of  23%  ammonium  aceUte,  1.0  ml  of  1%  thicglycollc  acid,  and  2.0  ml  of  0.1% 
alumlnon  reagent  from  burettes.  Make  up  the  volume  to  Just  below  the  mark,  Immerse  the 
flank  In  a  thermostat  at  SO  C  for  40  minutes,  cool  to  room  temperature,  and  a)uat  the 
volume  to  30-mi.  Measure  the  percent  transmittance  In  a  50-mm  cell  at  BIS  mtlitmtcroas, 
setting  a  blan!:  containing  the  same  dualities  of  reagents  at  100%  transmittance.  Read 
'he  aluminum  concentration  from  a  calibration  carve. 

Notg  -  The  determination  of  aluminum  la  peroxide  with  alumlnon  reagent  was  devel¬ 
oped  by  Walkden.  Anting,  and  Cottell  *  This  was  used  as  a  basis  for  the  analytical  method 
used  at  this  Laboratory.  The  alamlnon  reagent  was  •wepared  by  the  method  recommended 
by  Snell  and  Snell,  t  Thu  sampling  procedars  Is  Important  for  aluminum  since  samples 
■torud  In  aluminum  drums  frequently  have  an  aluminum  oxide  sediment.  The  color  divel- 
c  inrent  depends  on  the  pH  and  the  dye  concentration,  hence  the  renewals  were  added  with 
b-irettea. 


NITRATK 

Place  10.0  ml  of  hydrogen  peroxide  and  about  1  ml  at  0  IN  sodium  hydroxide  In  a 
100  ml  Vyror  evaporating  dish.  Mix,  covet  with  a  Speedy -Tap,  and  evaporate  to  dryness 
on  a  a  team  bam.  Waah  down  We  dtah  and  count  with  distilled  water  and  evaporate.  Repeat 
the  washing  axd  evaporation  steps.  Coot  to  room  temperature  wad  add  1  ml  of  phenol  dtaul- 
foatc  acid.  Allow  to  stand  20  aalaatrs.  Wok  transfer  content!  and  wmehtn#a  to  a  10- ml 
volumetric  flask.  Pill  to  about  20  ml,  8ms  make  alkaline  by  dropwtse  addition  of  concen¬ 
trated  ammonia.  Dilute  to  We  mrl,  mis  thoroughly,  cool,  place  In  a  SO- mm  call,  and 
read  the  percent  transmittance  at  420  millimicrons.  It  may  ha  necessary  In  ana  a  Mask 
tor  100%  transmittance  since  some  ha  tehee  of  We  reagent  are  slightly  tan  la  alkaline 
solution.  The  attrata  caucus  tration  In  determined  by  refer  aura  to  a  calibration  curve. 

MpW  -  The  altrattaa  of  phenol  dtnwtfoaic  acid  In  anhydrous  conditions  ftvwa  a  altro 
compound  which  ban  a  yellow  color  la  alkaline  solution.  1  The  r  a  agent  la  very  sensitive 
to  oxidation.  A  drop  of  1%  hydrogen  peroxide  eolettoa  will  produce  a  brown  or  Mack  color 
when  la  contact  with  thta  phenol.  Thus,  ovary  trace  of  paroxtd*  meet  be  decoeapoeed  aad 
the  sample  meet  be  shielded  from  per  undo  vapors  Awing  the  ettratlaa  step.  The  phenol 
diselfantc  acid  rsageat  waa  obtained  commercially  but  the  Isomer  present  la  the  reagent 
was  not  specified. 


J-  Welhden,  C.  t.  Auatiag,  aad  K.  Cuttull,  *  Data rml nation  of  Aluminum  In  Hydrogen 
Peroxide.*  Croat  Britain,  Cnomical  Inspectorate,  Ministry  of  Supply,  Report  Cl/ Memo,  a 
( Unclassified),  1431 

.  B.  Snail  arid  C.  T,  fee  i,  “Colorimetric  Method*  of  Ann'  r  New  Tork:Van  Noetrand, 
144$,  p.  141 

*N.  r.  Allporl,  op.  cite .,  p.  143 
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Place  10.0  ml  of  hydrogen  peroxide  In  a  100- no  1  Vycor  evaporating  dish.  Add  1  m! 
of  0.1N  sodium  hydroxide,  stir,  cover  with  s  Speedy- Vip,  snd  put  on  steam  bath.  Evaporate 
to  dryness,  wash  down  the  dish,  and  cover  with  distilled  water  and  again  evaporate.  Cool, 
add  5.0  ml  of  5N  sulfuric  acid  and  then  5  drops  of  thtoglyrollc  acid.  Transfer  with  washings 
to  a  30- ml  volumetric  flask  and  dilute  to  about  43  ml.  Add  1  drops  of  Santomerne  A  and 
mis.  Then  add  I  ml  of  dlthlol  reagent  and  again  mU.  Add  R  more  drops  of  Santomerse  S, 
ml*,  dilute  to  mark,  and  re-mlx.  Place  tn  a  30-mra  cell  and  read  percent  transmittance 
In  a  colorimeter  at  530  millimicrons  as  compared  with  a  blank  set  at  100%  transmittance. 
Determine  the  tin  concentration  from  a  calibration  curve  conatrucled  from  data  tor  stand  - 
ard  stannous  chloride  samples. 

Note  -  The  method  for  tin  Is  s  modification  of  the  one  developed  by  Farnsworth  and 
Pefcola.*  If  catalytic  decomposition  on  platinum  In  sulfuric  acid  la  used  to  remove  the 
peroxide,  a  yellow  color  frequently  Inlet  feres  with  the  desired  pliA  tint.  This  yellow  color 
was  not  observed  when  alkaline  decomposition  was  sasd,  hence  this  method  of  reducing 
the  peroxide  eras  used.  The  Pirns  worth- Pekola  method  recommends  a  final  concentration 
of  I  2N  in  sulfuric  acid.  Such  an  acidify  was  found  to  decrease  the  eolubtllty  of  the  diapers- 
Ing  agent  and  turbidity  was  encountered  on  occasion.  A  concentration  of  0.SN  sulfuric  acid 
was  found  to  be  suitable.  The  Santomerne  3  wax  used  as  received  from  Monsanto.  The 
dlthlol  (toluene-3,4-dlthlol)  reagent  la  prepared  by  weighing  0.15  g  of  dlthlol  Into  a  100- ml 
beaker ,  adding  R  drops  of  thloglycollc  acid,  and  then  adding  50  ml  of  2%  sodium  hydroxide. 
The  mixture  Is  stirred  until  the  dlthlol  lx  completely  dissolved.  The  solution  Is  stable 
for  one  week  If  stored  In  a  refrigerator. 


SULFATE 

Place  23.0  ml  of  hydrogen  pc.  oxide  tn  a  100- ml  Vycor  evaporating  dish,  cover  with  a 
Speedy- Vsp,  and  evaporate  to  dryness  on  a  steam  bath.  Warm  the  residue  with  1.0  ml  of 
0.05N  hydrochloric  acid  snd  transfer  this  with  distilled  water  washings  to  a  SO- ml  volu¬ 
metric  flask.  Till  to  tt.e  mark  snd  mix  thoroughly.  Pmr  Into  a  30 -mm  cuvette  and  stir 
moderately  as  2.0  ml  of  10%  barium  chloride  la  added.  Continue  stirring  for  1  minute, 
then  allow  sample  to  stsud  10  minutes.  Measure  the  percent  transmittance  it  420  milli¬ 
microns  by  the  shifting -cuvette  method.  Calculate  the  aulfate  concentration  by  reference  to 
to  a  calibration  curve. 

Note  -  The  sulfate  method  was  quite  erratic  even  with  standard  sulfate  samples,  but 
It  tn  recorded  here  In  lieu  of  any  better  method  at  the  time  the  work  wan  done.?  The 
mixing  conditions  for  the  precipitation  of  a  uniform  and  reproducible  particle  site  are 
very  critical  and  the  particles  grow  with  age.  Therefore  a  rigid  mixing  and  agtng  program 
must  be  followed. 


*M.  rsmaworth  and  J.  Pekola,  Anal.  Oiam.  2t:T3S-f  IT  (1434) 

N.  Haalatt,  *A  Conductometric  Analysis  for  Sulfate  loa  In  Hydrogen  Peroxide,* 
NAL  Memorandum  Report  711  (Unclaaatfiad),  June  1457 
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